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Gas phase associative electron detachment reactions atively easy to produce in the ion source. Attempts to pro-
were first discovered to be important ionic processes in the duce and inject the ions CF- and CF 2 were unsuccessful.
mid 1960's when workers at the NOAA laboratories ap- The atomic hydrogen reactant neutral was produced
plied the flowing afterglow flow tube technique to the study from a H2/He mixture in a microwave discharge located in
of reactions of negative ions.' Since that time, a number of a glass sidearm which terminates as a Teflon tube inside
these reactions have been well characterized, and it has the flow tube. The amount of atomic hydrogen introduced
been found that these processes frequently occur rapidly was varied by changing the amount of H? in the mixture.
when exothermic.2 For associative detachment by atomic The flow rate of H2 never exceeded 2% of the flow rate of
hydrogen, most such reactions will be exothermic. This is He in the discharge sidearm. This technique has been used
because atomic hydrogen has a gas phase acidity approach- successfully in previous studies,12"13 and it has been found
ing that of a superacid3 [AH~cid (H) = 1318 Ud mol- 1 and generally that the degree of dissociation is independent of
A'haid(H 2SO 4 ) = 1295 IU mol- - where ARHad is the en- the flow rate of the diatomic provided that a large excess of
thalpy of deprotonation, also referred to as the gas phase carrier gas is maintained. The density of atomic hydrogen
acidity].4 For associative detachment by H to be endother- was calibrated by studying the reaction of F- with H, and
mic would require that the reactant negative ion be the rate constants were measured relative to the known rate
conjugate base of an acid stronger than H, or nearly a constant for this reaction, 1.5X 10 - cm 3 s-1, 12 in order to
superacid. This is shown by the following: determine the absolute rate constants for the reactions of

interest.

A-+H-.HA+e- Al. The reactant ions were sampled through a 0.2 mm

A-+H- AHHA le-l A diam orifice in a truncated nose cone, mass analyzed in a
HA-.-A - + H dHA) second quadrupole mass spectrometer, and detected by a

net: H-.H+ +e- AHBd(H). channel particle multiplier. The accuracy of the measured
rate constants is estimated to be -+40%, a value higher

Thus, AH,= AHaid(H) - AI•id (HA), and therefore AH, than usual for SIFT measurements because of the need to
will be positive only if A&ald(HA) < A'1 id (H). calibrate against a known rate constant. The ions studied

In this letter we report rate constants for electron de- were essentially unreactive with H2, and upper limits to the
tachment reactions.of atomic hydrogen with CF3-, C2F-, rate constants were determined.
and C3F3-. This wdrk is part of our general research pro- The experimental results are given in Table I and show
gram on the ion chemistry of halogenated species;5-10 rel- that the reactions with H are fast, proceeding at 17%-66%
evant applications include plasma processing of microelec- of the collisional rates. No ionic products were observed
tronics and other devices. These reactions have not been for any of the reactions studied. While the thermochemis-
studied previously..We also report rate constant limits for try of associative detachment by H is not known quantita-
reactions of these ions with H2, which is present in the flow tively for C2F- and C3 FA, these reactions are certainly
tube along with the atomic hydrogen but is unreactive. exothermic since C2F5H and C3F3H cannot have acidities

The experiments were performed using a selected ion approaching those of superacids or even strong acids. For
flow tube (SIFT) instrument. The general technique and CF3 and C2F1-, reactive electron detachment forming HF
instrumentation have been fully described in the litera- and a second neutral product would also be exothermic.
ture." The following is a brief description of the details We cannot distinguish between simple associative detach-
specific to the present study. Reactant ions were generated ment and reactive detachment forming two neutrals, but
in an electron impact ion source operated at relatively high the absence of any ionic product shows that some form of
pressure (0.1-1 Torr). Several different precursor gases electron detachment is occurring.
were used in the source: C2F6, C2F4, or c-C 4Fs for produc- CF3 +H-e- +CF3H AH= -265 kJ mol-, (0a)
ing CFj; C2F4 or c-C4Fs for C2F,- and C3F13 (the results
were independent of the choice of precursor gas). The ion -e- +CF 2 + HF AH= -27.4 kJ mol-, (Ib)
species of interest was then mass selected in a quadrupole C2F5 +H-e-+C2F5H AH=negative, (2a)
mass spectrometer and injected into a fast flow of He car-
rier gas in a stainless steel flow tube maintained at -0.4 -e +C 2F4+HF A//= - 82.5 kU mol
Torr. The studied ions, CFI, C.F3-, and C3F3-, were rel- (2h)
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TABLE I. RateconstantsandefficienciesforreactionsofC,,,F- ions with ranges 17%-39%, 19%-44%, and 28%-66%, respic-
atomic and molecular hydrogen measured at 298 K. The efficiencies are tively. While associative detachment is exothermic for all
given as a range of values which reflects the *40% absolute uncertamty three anions, other reactive detachment processes are also
in the rate constants. possible. These anions were found to be unreactive with

Reaction Rate constant (cm, s -I) Reaction efficiency H 2.

CF3 +H 5.3x10 10 17%-39%
C2F, + H 6.0x 10 " 19%-44% 'F. C. Fehsenfeld, E. E. Ferguson, and A. L. Schmeltekopf, J. Chem.

CjF1 +H 9.0x 10 10 28%-66% Phys. 45, 1844 (1966).

CF)- 4 H, <4X 10 12 <0.3% -Y. Ikezoe, S. Matsuoka, M. Takebe, and A. A. Viggiano, Gas Phase

CzF1 + H2 <4X 10 '- <0.3% Ion-Molecule Reaction Rate Constants Through 1986 (Maruzen Com-

C 3F13 +H 2  <4X 10 I1 <0.3% pany, Tokyo, 1987).
'G. A. Olah. G. K. S. Prakash, and J. Sommer, Superacids (Wiley, New
York, 1985).4
A. A. Viggiano, M. J. Henchman, F. Dale, C. A. Deakyne, and J. F.

C 3F3 +H-.e- + (C 3F 3H) AH=negative. (3) Paulson, J. Am. Chem. Soc. 114, 4299 (1992).
SR. A. Morris, A. A. Viggiano, J. M. Van Doren, and J. F. Paulson, J.

The reported thermochemistry is based on the compilation Phys. Chem. 96, 2597 (1992).
by Lias et aL 15 except for the heat of formation of CF 2  

6R. A. Morris. A. A. Viggiano, J. M. Van Doren. and J. F. Paulson, J.
(-184.9). k 6 .17  Phys. Chem. 96, 3051 (1992).

184.9 kJ o,. R. A. Morris, J. M. Van Doren. A. A. Viggiano, and J. F. Paulson., J.
It is interesting that the reaction efficiencies are high Chem. Phys. 97, 173 (1992).

but less than collisional. This may indicate that some sim- 8R. A. Morris, J. Chem. Phys. 97, 2372 (1992).
pie dynamical principle governs the reactivity. For exam- R. A. Morris, E. R. Brown, A. A. Viggiano, J. M. Van Doren, J. F.

Paulson, and V. Motevalli, Int. J. Mass Spectrom. Ion Proc. 121, 95
pie, the reaction efrciencies may be controlled by the num- (1992).

ber of attractive potential curves relative to the number of 'OR. A. Morris, A. A. Viggiano, and J. F. Paulson, J. Phys. Chem. 97,

repulsive ones. Unfortunately, since the neutral products of 6208 (1993).
"DO. Smith and N. G. Adams, Adv. At. Mol. Phys. 24, I (1988).
t2 D. Smith and N. G. Adams. J. Phys. B At. Mol. Phys. 20, 4903 (1987).

curves cannot be elucidated. Alternatively, the efficiencies 13A. A. Viggiano, R. A. Morris, J. F. Paulson, and E. E. Ferguson, Chem.

may reflect the relative lifetimes of the complex against Phys. Lett. 148, 296 (1988).

autodetachment compared with dissociation back into re- 4
G. Gioumousis and D. P. Stevenson, J. Chem. Phys. 29, 294 (1958).

actants. 5S. G. Lias, J. E. Bartmess, L.F. Liebman, J. L. Holmes. R. D. Levin, and
W. G. Mallard, J. Phys. Chem. Ref. Data 17, Suppl, No. I. I (1988).

In summary, the reactions of atomic hydrogen with the 16 D. W. Berman, D. S. Bomse, and J. L. Beauchamp, Int. J. Mass Spec-

small fluorinated carbanions CF 3-, C2F5-, and C 3F1- pro- trom. Ion Phys. 39, 263 (1981).
ceed rapidly by electron detachment with efficiencies in the Jj. A. Paulino and R. R. Squires, J. Am. Chem. Soc. 113, 5573 (1991).
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